Due to the rarity and fulminant nature of the condition, there are limited data driving dialogue for optimal treatment strategies for plasma cell leukemia (PCL).
| INTRODUCTION
Plasma cell leukemia (PCL) is a rare and aggressive variant of multiple myeloma (MM) with a generally fulminant course. The disease entity arises in 1%-4% of patients with MM. 1 Diagnosis is arbitrarily defined by Kyle's criteria as the presence of more than 20% circulating clonal plasma cells or an absolute plasma cell count greater than 2 x 10 9 /L in peripheral blood. 2 PCL is further classified as primary (pPCL) when the leukemic phase is present at diagnosis or as secondary (sPCL) when there is leukemic transformation of relapsed or refractory MM. Representing up to 60% of cases of PCL, pPCL poses a significant clinical challenge with dismal survival outcomes even when treated with novel chemotherapy agents and autologous stem cell transplantation (AuSCT). We present a rare case of a 76-yearold African American woman with pPCL who was treated with early aggressive chemotherapy. While she did not meet Kyle's criteria, morphological, immunophenotypic and immunohistochemical studies, and overall clinical presentation support the diagnosis. She was initially treated with dexamethasone followed by bortezomib, cyclophosphamide, and daratumumab for 3 cycles with good response. Repeat serum protein electrophoresis (SPEP) and peripheral flow cytometry demonstrated no evidence for clonal B-cell population, abnormal T-cell population, or increased blast population. This case illustrates the application of daratumumab as part of a novel agent-based regimen as a first-line treatment of pPCL to impart a deeper and more rapid clinical response and the need for a less stringent criteria in its diagnosis. Because these criteria have not been prospectively studied, it may underestimate the true incidence of PCL. This may lead to undertreatment of those who fail to meet the current diagnostic criteria. Current literature suggests that overall poor prognosis could even be seen in patients with peripheral plasmacytosis as low as 1%-2%.
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| Clinical Features
There are distinct clinical features between PCL and MM. Originally, patients with PCL were thought to be at least 10 years younger (53 to 57 yo) than the median age of diagnosis of MM. 5, 6 However, a recent US registry analysis of 291 patients diagnosed between 1973 and 2004 in Surveillance, Epidemiology and End Results (SEER) database showed no significant demographic differences. 7 Like MM, PCL is more prevalent amongst African Americans and blacks from Africa. 8 The prognosis of PCL patients treated with conventional chemotherapy is poor even when compared to MM patients with high tumor burden, with a median overall survival (OS) ranging from 2 to 12 months. 7 Those less than 60 years of age were found to have better OS compared with those comparatively older (7 month vs 4 month); however, the 5-year mortality was poor in both groups. 7 Though studies have shown improvement of survival outcomes in patients with novel agents and autologous stem cell transplantation (AuSCT) [OS is 5 months prior to 2006, with increase to 12 months with the introduction of novel chemotherapy], prognosis remains poor with mortality within the first month as high as 15%. 8 PCL is further classified as primary (pPCL) when the leukemic phase is present at diagnosis and as secondary (sPCL) when there is leukemic transformation of relapsed or refractory MM. 9 pPCL was initially thought to represent approximately 60% of PCL cases; however, with an increase in the number of sPCL in recent years that may be attributed to prolonged survival of patients with MM, pPCL may only comprise half of cases. 10 Patients with pPCL present at a younger age than sPCL (median age of diagnosis 55 yo vs 66 yo). pPCL has an aggressive clinical course given its tendency to invade extramedullary sites (lymphadenopathy, hepatosplenomegaly, pleural effusion, skin, and central nervous system involvement) in up to 20% of patients. 9, 11, 12 Higher prevalence of elevated lactate dehydrogenase (LDH) (> = 460 U/L, 48% vs 9% in MM), anemia (Hgb < 8.5 g/ dL, 54% vs 31% in MM), thrombocytopenia (platelets <100 × 10 9 /L, 48% vs 9% in MM), beta-2 microglobulin (> = 6 mg/L, 65% vs 27% in MM), hypoalbuminemia, hypercalcemia (serum calcium > = 11 mg/dL, 48% vs 20% in MM), and renal impairment (serum creatinine > = 2 mg/dL, 44% vs 21% in MM) is observed in pPCL. 11 Additionally, osteolytic lesions are less common in pPCL (35% vs 81% of MM and 53% of sPCL). 13 sPCL is generally even more aggressive with OS of only 1.3 to 19 months. 13, 14 The median time from MM diagnosis to leukemic transformation to sPCL is approximately 20-22 months. Distinct immunophenotypic expression patterns are found in PCL when compared with MM. Cytogenetic abnormalities are seen in 70% of pPCL and 100% of sPCL. 15 Multiparametric flow cytometry shows increased prevalence of CD20, CD44, CD45, CD19, and CD23 and lower CD9, CD56, CD117, and HLA-DR. 11, 16 CD56 is a neuronal cell adhesion molecule that anchors plasma cells to the bone marrow stroma, preventing their migration to extramedullary sites. 17 Higher frequencies of t(4;14), t (11;14) and t(14;16) were observed in pPCL. 18 Translocation involving the immunoglobulin heavy chain (IgH) locus on 14q32 is present in more than 80% on pPCL with 25%-65% of IgH translocations in t(11;14) and is associated with leukemic transformation in MM. 19 Elevated beta-2 microglobulin, low serum albumin, plasma cell labeling index, elevated LDH, hypercalcemia and t(4;14) and t(14;16), partial or complete deletion of chromosome 17, deletion of 8q21, and 1p loss or lq gains have been associated with poor prognosis.
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| CASE PRESENTATION
An obese 76-year-old African American woman with sickle cell trait presented to the ED with a 1-month history of nonproductive cough. For the past 5 days leading up to admission, she reported generalized fatigue, bilateral pulsatile tinnitus, and loose melenic stools. She had two episodes of nonbloody nonbilious vomiting on the day of presentation. She sought medical attention due to persistent loose bowel movements and worsening lethargy to the point she was unable to ambulate to the bathroom. On admission, she was afebrile (97.9 F) and normotensive with 100% oxygen saturation on room air. Physical examination revealed a pallid woman of large body habitus (BMI 39) with a palpable spleen tip and bilateral lower extremity ecchymoses. Rectal examination was positive for melenic stool. She was in no acute distress, and the remainder of physical examination was unremarkable. Abdominal ultrasonography confirmed splenomegaly measuring 15.2 cm with an indeterminate 1.6 cm hypoechoic splenic lesion. Skeletal survey showed a 7 mm lucency of the parietal bone of the skull, possibly demonstrating a venous lake. Initial laboratory investigations revealed severe microcytic anemia, neutropenia, and thrombocytopenia with low reticulocyte count ( Table 1) . LDH was elevated. Patient was also found to have acute kidney injury on chronic kidney disease stage III with elevated creatinine. Peripheral smear revealed microcytic anemia, nucleated RBCs, target cells, thrombocytopenia, and rare schistocytes; however, it was not suggestive of a clonal Bcell population. Initial serum protein electrophoresis (SPEP) showed one beta-migrating paraprotein and one gamma-migrating paraprotein with identification of 22% IgG lambda, 4% free lambda, and serum protein immunofixation electrophoresis (SIFE) IgG lambda. Urine protein electrophoresis (UPEP) revealed the presence of monoclonal protein (estimated concentration 81.8%), beta-2 micro globulin 16, ANA: negative, IgG 2190, and uric acid 19.3. Immunophenotypic flow cytometrics studies revealed a clonal IgG lambda plasma cell population of 6% and 0.5% CD34+ myeloid blasts. Bone marrow biopsy demonstrated CD138, MUM-1, CD20, CD117, CD3, and CD5 positive (myeloperoxidase, PAX-5, CD56, and CD34 negative) plasma cell neoplasm (Figures 1-4) . Bone marrow cellularity and the extent of bone marrow involvement by plasma cells were not able to be determined on the initial biopsy due to a less than favorable | NGU et al.
biopsy specimen. Peripheral blood cell count of circulating plasma cells was not performed.
Due to her abrupt onset of clinical symptoms and rapid clinical cause, she was presumed to have plasma cell leukemia despite a low circulating plasma cell on flow cytometry. Due to her advanced age, she was not an ideal autologous stem cell transplant candidate. In addition, her poor clinical condition did not favor the use of VDT-PACE, a combination of bortezomib, dexamethasone, thalidomide, cisplatin, adriamycin, cyclophosphamide, and etoposide. She received dexamethasone followed by bortezomib, cyclophosphamide, and daratumumab for 3 cycles with good response. Repeat serum protein electrophoresis (SPEP) Conventional chemotherapy used in the treatment of MM is no longer considered for PCL due to significantly higher early mortality rates. 18 Conventional chemotherapy regimens include vincristine, doxorubicin and dexamethasone (VAD), melphalan and prednisone, cyclophosphamide and dexamethasone, high-dose dexamethasone, cytarabine alone, or cyclophosphamide, doxorubicin, vincristine, and dexamethasone. 18 In one study comparing the agents in Korean patients, progression-free survival (PFS) and OS between those initially treated with conventional chemotherapy alone or novel agents were not statistically significant. 18 However, median OS was significantly better in patients who were treated with novel agents with AuSCT (2.9 months in conventional therapy alone, 12.3 months in novel agents alone, 14.1 months in conventional chemotherapy with AuSCT, 31.1 months in novel agents with AuSCT, P < .001).
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Novel agents are not without their drawbacks. Dosedependent bortezomib-induced peripheral neuropathy is a common cause for dose modification and drug discontinuation. 20 Likewise, lenalidomide-containing regimens can cause myelosuppression. Low-dose weekly dexamethasone (40 mg) not only reduces the dose of lenalidomide from 25 mg to 15 mg but also lowers the risk of hematologic toxicities (15 to 30%), infections (20% to 8%), and thromboembolism (20% to 5%). 
Thalidomide and lenalidomide
Thalidomide was one of the first IMiDs that was used for the treatment of relapsed and refractory MM. However, its efficacy in pPCL is dubious with scant reports of durable responses in small series or case reports when combined with conventional chemotherapy. 21 Its use as a single agent did not meet any significant clinical endpoints in both pPCL and sPCL. 21 Hyper-CVAD regimen (cyclophosphamide-vincristinedoxorubicin-dexamethasone) in combination with thalidomide showed rapid and excellent responses with prolongation of remission with AlloSCT. 22 However, Petrucci et al observed no response to thalidomide with mortality in all 5 patients with PCL after a median of 2 months. 21 Severe cardiac and pulmonary adverse effects are reported. 23, 24 Lenalidomide, a derivative of thalidomide, is a secondgeneration IMiD that has shown better efficacy in pPCL when used in a combination regimen. Patients failing thalidomide and/or bortezomib combinations have shown transient responses to lenalidomide and dexamethasone. 25, 26 It is the first novel agent tested in a prospective trial in patients with pPCL. 
| B) Proteasome inhibitors: Bortezomib, carfilzomib, and ixazomib
The ubiquitin-proteasome pathway plays an important role in tumorigenesis and cell proliferation by producing substrates required for synthesis and protein modification. Bortezomib is an ubiquitin-proteasome inhibitor with proapoptotic properties that is approved for the treatment of MM. 27 Few previous retrospective analysis have shown bortezomib-based regimens showed efficacy with OS of about 18 to 28 months in patients with plasma cell leukemia. [28] [29] [30] [31] [32] [33] In 2016, a multicenter phase 2 prospective trial that enrolled 40 patients with pPCL aged 70 years or less for four alternating cycles of bortezomib, dexamethasone plus doxorubicin or cyclophosphamide. 34 Patients then received high-dose melphalan followed by AuSCT. 34 Median PFS was 15.1 months, and the OS was 36.3 months. The study concluded that patients with bortezomib combination therapy followed by transplantation induced high response rates and improved PFS. 34 Synergism between IMiDs and proteasome inhibitors can be utilized in treatment of patients refractory to lenalidomide. This synergism can be explained by a novel mechanism of action of lenalidomide which involves increased protein ubiquitination.
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| C) Bcl-2 inhibitors: Venetoclax
The intrinsic apoptosis pathway is regulated by competing anti-apoptotic (eg, Bcl-2, Mcl-1) and pro-apoptotic proteins (eg, Bax, Bak, Bim). Cell death is induced when cellular injury causes the release of pro-apoptotic proteins which are normally sequestered by anti-apoptotic proteins. These pro-apoptotic proteins translocate to the mitochondrial outer membrane and initiate a cascade that leads to increased mitochondria permeability and apoptosis. 36 Bcl-2 family proteins are highly associated with the survival of clonal plasma cell malignancies, whose targeted inhibition has been used in the setting of refractory disease with efficacy in those with t (11;14) abnormality. 8 Venetoclax is a selective oral Bcl-2-specific BH3 mimetic that is FDA approved for the treatment of chronic lymphocytic leukemia (CLL). 8 It has been shown in a Phase I study in those with relapsed or refractory multiple myeloma with t (11;14) 
| DISCUSSION
Plasma cell leukemia is a rare blood dyscrasia with an aggressive clinical course and dismal prognosis. Due to the rarity and fulminant nature of the condition, there are limited data driving dialogue for optimal treatment strategies. Likely, future studies will involve collaborative efforts between institutions to elucidate the disease entity. There is a need for an effective early treatment with a durable therapeutic response. Recent advances in chemotherapeutic regimens particularly with the introduction of novel agents in combination with stem cell transplant have led to improved rate, quality of response, and median OS in patients with PCL. There remains a need for a more comprehensive diagnostic criterion. The current diagnostic definition of PCL is not prospectively studied and delays many from receiving early aggressive management strategies due to underdiagnosis. The presence of 5% circulating clonal plasma cells has been suggested to improve detection. 40 This has been echoed by a recent Mayo Clinic study in December 2018 that showed those diagnosed between 1971 and 2016 with > = 5% circulating plasma cells (CPCs) had much poorer survival outcomes compared with those who did not have CPCs on diagnosis. 41 The successful treatment of this patient with VCD and daratumumab may prove an effective induction strategy for similar patients with an aggressive presentation, who are not candidates for AuSCT. This is the second case report to report the use of daratumumab in plasma cell leukemia. More research is needed in exploring genomic variations which may potentially identify various novel biomarkers that may serve as prognostic markers. Overall clinical course remains poor, signaling a need for more agents, and effective management strategies.
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